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a b s t r a c t
Objective: The purpose of this study was to evaluate the effect of a laminectomy on the adjacent
ligamentum ﬂavum (LF) by measuring LF thickness using magnetic resonance imaging (MRI).
Materials and methods: A total of 78 patients (31 man, 47 woman) with laminectomy were
included in our study. After determination of laminectomy level, measurements were done
from the thickest parts of the bilateral LF at the upper level of the laminectomy where
bilateral facet joints were evident at the slice.
Results: Ipsilateral ligamentum ﬂavum with laminectomy was signiﬁcantly thicker than the
contralateral ligamentum ﬂavum with laminectomy.
Conclusion: Laminectomy cause thickening of ligamentum ﬂavum. Therefore we assume
that it should kept in mind that LFH may develop at the adjacent level to the laminectomy
and careful clinical and radiological assessments' should be done to exclude LFH in cases
who complain about the recurrence of complaints during the post-operative period after
laminectomy.
# 2015 Polish Neurological Society. Published by Elsevier Sp. z o.o. All rights reserved.
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The ligamentum ﬂavum (LF) covers most of the posterolateral
part of the lumbar spinal canal. LF hypertrophy has been* Corresponding author at: Izmir Katip Celebi University, Faculty of Me
Karya Sitesi D18 Kardelen apt Karsıyaka, Izmir, Turkey. Tel.: +90 505 
E-mail address: drozgurtosun@gmail.com (O. Tosun).
http://dx.doi.org/10.1016/j.pjnns.2015.03.007
0028-3843/# 2015 Polish Neurological Society. Published by Elsevier Sconsidered as a cause of lumbar spinal stenosis (LSS).
Ligamentum ﬂavum hypertrophy (LFH) is mostly caused by
mechanical stress and increased physical activity. Degenera-
tive disc diseases and inﬂammatory changes can also reduce
the diameter of the spinal canal which can eventually lead todicine, Department of Radiology, Caher Dudayev Bulvari, No: 3 M
4383290; fax: +90 312 2912705.
p. z o.o. All rights reserved.
Fig. 1 – MRI images in axial planes show (a) laminectomy
defect (arrows) and (b) measurements on the MRI of a
45-year-old male patient one year post-surgery in the
L3-4 disc space.
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the dural sac and nerve roots [1–6].
Lumbar spinal stenosis (LSS) is one of the most common
indications for spinal surgery in the elderly. A decompressive
laminectomy without fusion is the most commonly used
surgical method [5,7]. Local tissue trauma and postoperative
spinal instability are among the most common complications.
Studies have shown that a total laminectomy increases
segmental instability unless a fusion is performed. Segmental
instability can also lead to increased mechanical stress [7–12].
There were a few studies that investigate the correlation
between LFH and LSS. Park et al. who investigated LF
thickening by measuring the thickness of LF in patients with
LSS on magnetic resonance imaging (MRI). They found that the
mean thickness was 4.44 mm, which was signiﬁcantly thicker
than the LF in the control group without LSS (2.44 mm) [2].
Sakamaki et al. investigate the pathogenesis of LFH in patients
with low back or leg pain. They found that LF thickness
increased with age [12].
We could not ﬁnd an article written in English literature that
reported on the impact of a laminectomy on LF. Our hypothesis
is that a laminectomy may cause LFH due to the mechanical
stress produced by post-operative spinal instability. The
purpose of this study was to evaluate the effect of a laminec-
tomy on the adjacent LF by measuring LF thickness using MRI.
2. Materials and methods
This study was approved by ethics committee that raise the
requirement to get informed consent. Using the picture
archiving and communication system (PACS) (Extreme PACS,
Ankara), we identiﬁed 2845 consecutive lumbar MRI scans of
2693 patients from March 2009 to December 2009 by using the
word ‘‘laminectomy’’ in the search engine on the PACS system.
A total of 234 patients who had laminectomy surgery were
found using the PACS system. These patients were retrospec-
tively examined by consensus of two radiologist ((FBH) with 2
years of experience in neuroradiology, (KBE) with 10 years of
neuroradiology experience). The exclusion criteria were the
presence of post-operative granulation tissue, severe scoliosis
and degenerative changes, absence of posterior elements
(spinous process or pedicle), presence of ﬁxation materials and
the absence of upper level slices in patients with a laminect-
omy. After exclusion of 156 patients, a total of 78 patients
between the ages of 23–80 years [31 men, 47 women; mean age
48.7  13.1 years; postoperative period ranging from 1 to 16
years] with laminectomy were included in the study.
MRI examinations were performed using a 1.5 Tesla MR
system (Philips, Achieva, and Intera Nova, Netherlands).
Phased array spine coils were used for all examinations. T1
weighted (W) images (TR/TE interval 400–847/8–9 ms) and T2W
images (TR/TE interval 2889–3612/100–120 ms) in the sagittal
plane and balanced fast ﬁeld echo (BFFE) (TR/TE interval 5.5–9/
2–4 ms, Flip Angle 458) sequences in the axial plane were
obtained with a 4 mm slice thickness, 0.4 mm interslice gap,
26–28 cm of ﬁeld of view (FOV), 280–288  208–209 matrix, 2–3
NEX value for sagittal images, 2 mm slice thickness, 0.4 mm
interslice gap, 15–16 cm FOV, 224  199 matrix and 2–3 NEX
value for axial images.After determining the level of operation, thickness of LF
was measured in the axial BFFE sequence that was perpendic-
ular to the spinal canal axis and parallel to the laminae from
the thickest parts of the bilateral LF at the upper level of the
laminectomy where the bilateral facet joints and the entire
length of the LF were seen on the slice (Fig. 1a and b).
Measurements of the LF thicknesses in this study were
grouped as follows: group 1 consisted of patients with a
thickness of the LF ipsilateral to the side of the laminectomy,
group 2 consisted of patients with thickness of the LF
contralateral to the side of the laminectomy. The age and
Table 1 – Number of the patients and level of their
operations.
Variables n = 78
Operation level
L2-L3 right laminectomy 1 (%1.3)
L3-L4 right laminectomy 6 (%7.8)
L3-L4 Left laminectomy 4 (%5.2)
L4-L5 right laminectomy 13 (%16.9)
L4-L5 left laminectomy 31 (%39.7)
L5-S1 right laminectomy 10 (%13)
L5-S1 left laminectomy 13 (%16.9)
Number of the operation levels
Single level 63 (%81.8)
Two level-ipsilateral with each other 13 (%16.9)
Two level-contralateral with each other 1 (1.3%)
Three level-ipsilateral with each other 1 (%1.3)
Table 3 – Comparison of the differences in ipsilateral and
contralateral ligamentum flavum thickness in terms of
gender and level of the operation.
Variables LF thickness difference (mm) p
Gender 0.447
Female 0.14  0.62 (1.10–1.40)
Male 0.24  0.57 (0.90–1.10)
Operation level 0.720
L3-L4 0.28  0.27 (0.20–0.80)
L4-L5 0.22  0.67 (1.10–1.40)
L5-S1 0.12  0.53 (0.90–1.00)
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surgery and MR examination, laminectomy levels and number
of the laminectomies were also recorded.
2.1. Statistical analysis
Data analysis was done using the SPSS for Windows 11.5
program (Chicago IL, USA). The distribution of continuous
variables was determined using the Shapiro–Wilk test. A
Student's t-test was used to determine the difference in the LF
thickness between the two groups. A one-way analysis of
variance (One-Way ANOVA) was used to compare LF thickness
in the two groups. The statistical signiﬁcance level was set to
be p < 0.05.
3. Results
The number of the patients and the operation levels are
summarized in Table 1. The mean thicknesses of the LFs with
the ipsilateral and contralateral sides were as follows: 3.58
 0.46 mm in group 1 and 3.40  0.40 mm in group 2. The
difference between these measurements was statistically
signiﬁcant ( p = 0.00) (Table 2).
There was no statistically signiﬁcant difference in the
ipsilateral and contralateral LF thicknesses in terms of the
number of laminectomies, age, gender, level of the operation,
elapsed time since the laminectomy (Tables 3 and 4).
4. Discussion
We found that the mean thickness of the LF in group 1 was
signiﬁcantly greater than that of group 2.Table 2 – The thickness of ligamentum flavums ipsilateral
and contralateral to the sides receiving the laminectomy.
LF thickness (mm)
Ipsilateral side 3.58  0.46 (2.4–4.6)
Contralateral side 3.40  0.40 (2.2–4.3)
p 0.010The LF covers the large portion of the posterolateral wall of
the spinal canal and plays an important role in controlling the
intervertebral movements, stabilizing the spine while sitting
and standing and providing smoothness in the back wall of the
spinal canal and neural foramens. Changes in the size of the LF
can cause signiﬁcant neurological problems [13,14].
Some studies show that thickening of the LF is usually
caused by buckling of the LF into the spinal canal due to loss of
disc space height rather than to hypertrophy. Some previous
studies reported that degenerative changes secondary to the
aging process and mechanical stress due to spinal instability
lead to thickening of LF [4,13,15–18] however in a study by
Safak et al. no such association was found, which was also
supported by the results of our study [19].
LF thickening plays an important role in the etiopathology
of LSS since it covers the vast majority of the spinal canal
[20,1,21]. Towne et al. was the ﬁrst to report on the need to
relieve spinal stenosis caused by thickening of the LF after
laminectomy surgery in 1931. He demonstrated that compres-
sion of lumbosacral nerve roots was present and was caused
by thickening of the LF [3]. Laminectomy and ﬂavectomy is a
surgical procedure in which a portion of the lamina is resected.
It is generally performed to gain access to the intervertebral
disc space during a herniated disc surgery and to relieve
stenotic segment in stenosis surgery [5,7]. Previous studies
have also shown that total laminectomy increases segmental
instability [7–11].
It is known that age, mechanical stress and physical
activity play a role in the etiopathology of LFH [2–4,7–10,22].
Sairyo et al. reported that the underlying cause of LFH is
development of post-inﬂammatory scar tissue [18]. The
majority of the extracellular matrix of the LF consists of
elastic ﬁbers. After injury to the LF, the amount of elastic ﬁbers
is reduced and replaced by collagen ﬁbers and then with
calciﬁcation and ossiﬁcation, which leads to the development
of chondroid metaplasia. When the LF is exposed to stress, theTable 4 – Comparison of the differences in ipsilateral and
contralateral ligamentum flavum thickness in terms of




Elapsed time since laminectomy 0.179 0.116
Number of laminectomy levels 0.026 0.822
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develops [23–25]. In recently published article Kang et al.
reported that degenerated and herniated intervertebral disc
provide an important pathomechanism in hypertrophy and
ossiﬁcation of the LF through inﬂammatory cytokines [25]. We
hypothesized that the stability of the vertebral column was
being disturbed after laminectomy. This impaired stability
increases mechanical stress especially on the LF at the
ipsilateral side with the laminectomy. Eventually, increased
mechanical stress may cause to release of inﬂammatory
cytokines that could result in thickening of the LF.
We were unable to ﬁnd an article written in English that
reported on the impact of a laminectomy on LF. Therefore, this
is the ﬁrst study written in English examining the impact of
laminectomy on the LF using MRI images.
There are some limitations in our study. Firstly, we were
unable to obtain the preoperative MRI scans of the patients and
measure the preoperative thickness of LF, therefore the amount
of LF thickening could not be determined. The second limitation
of our study is that we only measured and compared the
thicknesses of the LF at one upper level laminectomy. Therefore,
we did not determine how the laminectomy inﬂuences LF
thickness at other levels. Future prospective studies which
include the preoperative and postoperative measurements of LF
in larger patient populations are needed to understand the
effect of laminectomy on LF thickness more accurately.
To conclude, we observed that laminectomy affected the
thickness of the ipsilateral LF. This suggests that laminectomy
may play a role in the development of LSS. Therefore, it is
possible that thickening of the LF may develop at the level
adjacent to the laminectomy and that careful clinical and
radiological evaluation should be done to exclude LF thicken-
ing in patients who have recurrent complaints in the post-
operative period after laminectomy.
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